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Abstract 

We consider the effects of a fourth generation of chiral fermions within the MSSM. Such a model 
offers the possibility of having the lightest neutral Higgs boson significantly heavier than in the 
three generation MSSM. The model is highly constrained by precision electroweak data, along with 
Higgs searches at the Tevatron. In addition, the requirements of perturbative unitarity and direct 
searches for heavy quarks imply that the four generation MSSM is only consistent for tan f3 ~ 1 
and highly tuned 4 th generation fermion masses. 



I. INTRODUCTION 



The Standard Model offers no clue as to why only three generations of chiral fermions 
are observed. It is thus natural to consider the consequences of a fourth family of heavy 
fermions [j], The allowed parameter space for a fourth generation is severely restricted 
by experimental searches, by precision electroweak measurements, and by theoretical con- 
straints from the requirements implied by the perturbative unitarity of heavy fermion scat- 
tering amplitudes and the perturbativity of the Yukawa coupling constants at high energy. 

A model with a fourth generation contains charge 2/3 and —1/3 quarks, t' and b', and a 
charged lepton, e', with its associated neutrino, v' . Tevatron searches for direct production 
of a b' [3j imply my > 338 GeV, assuming b' — > Wt, and m t > > 335 GeV, assuming t' — > Wq, 
with q = d, s,&|4|. Relaxing the mixing assumptions changes the limits somewhat, but the 
b' limits vary by less than 20%, while the t' limits increase in some mixing scenarios to 
m t > > 0(400 GeV)[5\. In all fourth generation quark is excluded up to a mass 

of (9(300 GeV). We consider 4th generation neutrinos heavier than Mz/2, so there is no 
constraint from the invisible Z width. From direct production searches for e' and v' at 
LEPII, there is a limit of (9(100 GeV) on the masses of 4th generation charged leptons and 
unstable neutrinos. Current bounds on 4th generation Standard Model like fermions are 
reviewed in Ref . . We will typically consider 4 th generation lepton masses greater than 
~ 200 GeV and quark masses greater than ~ 300 — 400 GeV, which are safely above direct 
detection bounds. Furthermore, we will neglect CKM mixing between the 4 th generation 
and the lighter 3 generations 10J . 

Precision electroweak measurements place strong constraints on the the allowed fermion 
masses of a 4 th generation, but it is possible to arrange the masses such that cancellations 
occur between the contributions of the heavy leptons and quarks. By carefully tuning the 
fourth generation fermion masses, the Higgs boson can be as heavy as Mh ~ 600 GeV BEL 



13J. In a four generation model, therefore, Higgs physics can be significantly altered from 
that of the Standard Model: Higgs production from gluon fusion is enhanced by a factor 
of roughly 9[14j], and the Higgs branching ratio to 2 gluons is similarly enhanced j6|. The 
DO experiment has recently excluded a SM-like Higgs mass between 131 GeV and 204 GeV 



produced from gluon fusion in a four generation scenario [15 



It is interesting to consider scenarios with heavy fermions and a neutral Higgs boson 
heavier than expected from Standard Model electroweak fits. A model of this type is the 
MSSM with a fourth generation of chiral fermions (4GMSSM). This model has a number of 
interesting features. Since the mass-squared of the lightest Higgs boson in the MSSM receives 
corrections proportional to the (mass) 4 of the heavy fermions, it is potentially possible to 
significantly increase the lightest Higgs boson mass in the four generation version of the 
mssmFuI. In general, a 4 th generation of heavy quarks can contribute to electroweak 
baryogenesis 

nana 

and Ref. |19| argues that the 4GMSSM with tan ~ 1 can yield a first 



order electroweak phase transition for 4 th generation quark and squark masses just beyond 
the current Tevatron search bounds. 

We discuss the features of the model in Section HI1 and derive unitarity constraints on 
the fermion masses in Section II III In the 4GMSSM, these constraints can be quite different 



from those of the four generation version of the Standard Model 20| . Section IIVI contains 



limits on the four generation MSSM from precision electroweak measurements. Section |V] 
contains some conclusions. 
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II. THE MODEL 



We consider an N = 1 supersymmetric model which is an exact replica of the 3 gener- 
ation MSSM except that it contains a 4th generation of chiral superfields described by the 



superpotential|2lH25 



W A = \ t 44(i') c H 2 + XvMb'fHi + \ e >h(e') c Hi + \M0') c H 2 , (1) 

where ^4 is the 4 th generation SU(2) L quark and squark doublet superfield, Z 4 is the 4 th 
generation SU{2) L lepton and slepton doublet superfield, and Hi are the SU{2) L Higgs 
superfields. Similarly, i',b', e' and v' are the 4 th generation superfields corresponding to 
the right-handed fermions. We assume no mixing between W4 and the superpotential of 
the 3 generation MSSM 1 . The new particles in the 4GMSSM are the 4 th generation quarks 
and leptons (including a right-handed heavy neutrino), along with their associated scalar 
partners. We assume that the 4 th generation neutrino receives a Dirac mass, although our 
conclusions are relatively insensitive to these assumptions. 

The Higgs sector is identical to the 3 generation MSSM and consists of 2 neutral scalars, 
h and H, a pseudo-scalar, A, and a charged scalar, H ± . The Higgs Yukawa couplings of t', 
b' ,e' and v' are, 

m t >\/2 m b iy/2 

M> - — :— j Aft/ 

v sin p v cos p 

A e ' - \ v > - ; — - , \l) 

v cos p v sin p 

where tan(3 is the usual ratio of Higgs vacuum expection values [26|. Because of the large 
masses of the 4 th generation fermions which are required in order to satisfy restrictions 
from the experimental searches, the Yukawa couplings quickly become non-perturbative. 
Requiring perturbativity at the weak scale, a strong bound comes from the restriction < 
47r which implies [13], 




tan/3 < y27r^— J -1-1.8, (3) 

for my ~ 300 GeV. The evolution of the Yukawa couplings above the weak scale has been 
studied in Refs. 2l|, |22|, |24j with the conclusion that it is not possible for the 4GMSSM to 
be perturbative above scales on the order of 10 — 1000 TeV. The 4GMSSM thus leads to a 
picture with an intermediate scale of physics such as that present in gauge mediated SUSY 
models. 

In the 4GMSSM, the lightest Higgs boson mass has an upper bound which receives large 
corrections proportional to the 4 th generation fermion masses. The masses of the neutral 
Higgs bosons can therefore be significantly heavier than in the case of the 3 generation MSSM 
and are shown in Fig. [T]for tan/3 = 1 and representative 4 th generation masses [l6l|. The 
dominant contributions to the neutral Higgs masses in the 4GMSSM are given in Appendix 



A 28-31 



1 Limits on the 4 generation Standard Model suggest that the mixing between the 3 rd and 4 th generation 
is restricted to be small, #34 < . 1 0, ■ 
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FIG. 1: Predictions for the neutral Higgs boson masses in the four generation MSSM. The squarks 
and sleptons are assumed to have degenerate masses of 1 TeV. The mass of the lighter Higgs boson, 
M/j, is insensitive to the value of Ma- (Not all masses shown here are allowed by the restrictions 
of perturbative unitarity and electroweak precision measurements, as discussed in Sects. IIIII and 

El) 




FIG. 2: Feynman diagrams contributing to /j/j 
pseudo-scalar, or Goldstone boson. 



ft fi 

fjfj in the high energy limit. cp a is a scalar, 



III. TREE LEVEL UNITARITY 

Chiral fermions have an upper bound on their masses from the requirement of perturbative 
unitarity of fermion anti-fermion scattering at high energy, originally derived in Ref. [2(|. In 
the MSSM, the unitarity bounds on heavy fermions can be quite different from those of the 
Standard Model, due to the effects of the additional scalars present in the MSSM, and also 
to the different fermion Yukawa couplings in the MSSM relative to those of the Standard 
Model. 

Consider an SU(2) l doublet of heavy left-handed fermions, along with their correspond- 
ing right-handed fermion partners, 

^= (/*) > Wm, ( 4 ) 
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with masses mi and m 2 . At high energy, y/s >> m i; the scattering amplitudes can be most 
conveniently written in terms of helicity amplitudes. The positive and negative helicity 
spinors are u±(p) = Pl,ru(p) and v± = Pl,rv(p), where Pl,r = |(1 T 7s)- The fermions 
interact with the scalars of the MSSM and the Goldstone bosons of electroweak symmetry 
breaking via the interactions, 

L = Ji (a«P L + a^P^ Ml + {/i (al 2a P L + a^P^ / 2 0+ + h.c. } , (5) 

where (f)° a and 0^ are generic neutral and charged scalars. 
\ — \f — 

The scattering of f i — > fj /• can be found using the Goldstone Boson equivalence 
theorem to obtain the high energy limits (where A are the helicity indices). The Feynman 
diagrams are shown in Fig. [2j In the s— channel, the contribution from neutral scalar or 
pseudo-scalar exchange, 0°, to the generic amplitude for fif { — > fjfj in the high energy 
limit is, 

M s = uJ7(p 3 )(a{ a P L + a%P R )v Y (p,) vf(p 2 )(a i ^P L + a£Pfl)u A (pi) • (6) 
The high energy limits of the helicity amplitudes from the s— channel contributions are thus, 

M s (++ -> ++) = 

M s (++ — ) = -<af * 

M s ( > ++) = -a^s 

M s { >—) = +a%a£s, (7) 

where s = (p± + P2) 2 , t = (pi — P3) 2 , and we have assumed s » mf, M|, M^, and Mf . 

Similarly, the high energy limit of the amplitude resulting from the exchange of a scalar 
or pseudo-scalar in the t— channel is, 

M t = W(Ps)(4 a PL + 4 a P R )MPi) vf(P2)(al a P L + 4 a P R )v>r(p±) , (8) 
which yields the helicity amplitudes, 

M t (++ — ) = -(af) 2 t 
M f (— ++) = -(ar) 2 t 
M t (+- -> -+) = +al a art 

M t (-+^+-) = +afViT*. (9) 

(We have assumed that all couplings are real). 

From the results in Eqs. [7] and HI it is straightforward to read off the contributions to the 
partial wave amplitudes for a specific model. The MSSM couplings of the fermions to the 



scalars can be found in Ref. [26|, for example. First consider the scattering of f x f\ — > f 1 f\ 
in the 4GMSSM. In the s— channel, h, H, A, and G° contribute and their contributions are 
listed in Table (TJ while the t— channel contributions are shown in Table HTF. It is apparent 
that there are many cancellations between the various contributions that are not present in 



We have defined sp = sin j3, cp = cos /3, s a — sin a and c Q = cos a. The mixing in the neutral Higgs sector 
is described by the angle a which is defined in Appendix A and in Ref. fed ]. 
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TABLE I: Contributions from s— channel exchange of h, H, A, and G to helicity scattering am- 
plitudes for fifi — > /i/i in the high energy limit of the 4GMSSM. The contributions given in the 
table must be multiplied by v^G^m 2 . 
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TABLE II: Contributions from t— channel exchange of h, H, A, and G° to helicity scattering 
amplitudes for f 1 fi — > f l fi in the high energy limit of the 4GMSSM. The contributions given in 
the table must be multiplied by y^G^m 2 . 



the Standard Model. The amplitudes for f 2 f 2 —> f 2 f2 are found by making the replacments 
mi iTi2, /3— + a— »-a — §. 

Flavor changing fermion anti-fermion scattering, j\fi — > f 2 f'2, also yields interesting 
limits on heavy fermion masses in the 4GMSSM. The s— channel contributions to the high 
energy limits of the helicity scattering amplitudes are shown in Table ILTT| and the t— channel 
contributions from H + and G + exchange in Table IIVI 

Bounds on the fermion masses come from the coupled channel J = partial wave ampli- 
tudes for f t x J t X -> ff'J X - 



20, 32 



a 



16ns 



M 



(10) 



where | M | is the sum of the s— and t— channel helicity amplitudes given in the tables. 
Perturbative unitarity requires that the eigenvectors of the scattering matrix satisfy | ciq |< 

1[33]. In the scattering basis, fifi, ft ft-> fifi > ^2^/2 > t ne high energy limit of the J = 
coupled partial wave scattering matrix is, 
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(11) 
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TABLE III: Contributions from s— channel exchange of h, H, A and G° to helicity scattering 
amplitudes for fifi — s- ^2/2 i n the high energy limit. An overall factor of \plGpm\m2 is omitted. 
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TABLE IV: Contributions from t— channel exchange of -£f + and G + to helicity scattering ampli- 
tudes for f 1 fi — > / 2 /2 in the high energy limit. An overall factor of c 1\[ 7 1Gf is omitted. 



Enforcing the unitarity condition, | do |< 1, on the eigenvalues of Eq. [TT] gives the restric- 
tions, 



2^2 

m i < So 



TT 



Gp 



2^2 
m 2 < C P~Q 



(12) 



A further interesting limit is found from the coupled channel scattering of the helicity am- 



plitudes f^f 1 , f l /J", f 2 + f 2 , f 2 f 2: with 



Gi 



a 



\ 







u /3 





"0 








<75 




(13) 



Requiring the largest eigenvalue of Eq. [T3] to be < 1 , 



A, 



Gi 



4tt \ 



4 4 

— - -I < 1 

4 ~ 4 

s /3 c /3 



(14) 



The bounds of Eqs [12] and E] are relevant for a heavy lepton doublet in the 4GMSSM and 
the allowed regions are shown in Fig. [3J These bounds can be compared with the Standard 
Model bounds, rnf epton < ^r^- = (1.2 TeV) 2 . For tan/3 = 1, the bound is reduced from the 
Standard Model value to mi epton < 750 GeV. For tan/3 = 10, the value of m 2 (m v >) allowed 
by unitarity is m v < < 100 GeV, which is excluded by experimental searches. 
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Lepton masses allowed by unitarity 
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FIG. 3: Unitarity restriction on on a 4 th generation lepton doublet in the 4GMSSM. The allowed 
region with the vertical (diagonal) cross- hatches corresponds to tan/3 = 10(1). 



The bounds on a heavy quark doublet in the 4GMSSM can be found by considering the 

color neutral scattering amplitudes 3 . In the basis, fif t , fzfi > fx fx > f-zfz ■> ^ ne coupled 
channel scattering matrix for the J = partial wave amplitude is a 12 xl2 matrix of the 
form, 

( B B B\ 

| a |~ B B B , (15) 
K B B B J 

where the 3x3 color neutral matrix B is given in Eq. [TTJ Restricting the eigenvectors to 
be less than 1 gives the restrictions on 4* 



vh generation quark masses shown in Fig. HJ 
2 4V2tt 



m 1 < s f 



m, < c 



3Gp 
^ 3G p 



(16) 



It is apparent that the experimental bounds of m t > > 335 GeV and my > 338 GeV are close 
to violating perturbative unitarity in the 4GMSSM with tan/3 = 1. For larger tan/3, the 
parameters are even more restricted. 



IV. LIMITS FROM PRECISION ELECTROWEAK MEASUREMENTS 

The limits on the 4GMSSM from precision electroweak measurements can be studied 



assuming that the dominant contributions are to the gauge boson 2-point functions [34j, |35 



The logic is identical to Ref. [2o| . 
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FIG. 4: Unitarity restriction on a 4 th generation quark doublet in the 4GMSSM. The allowed 
region with the vertical (diagonal) cross- hatches corresponds to tan/3 = 10(1). 
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(17) 



where sw = sin^vy and cw = cos 9w and any definition of sw can be used in Eq. \T7\ 
since the scheme dependence is higher order. The contributions to S, T, and U from fourth 
generation fermions, squarks, and the scalars of the MSSM are given in Appendix B-[37 



44 



Our definition of U differs from that of Ref. [40| and so should not be compared with 
those results. The potential contributions from other MSSM particles such as charginos and 
neutralinos decouple for heavy masses [4 1| and we omit them here. 

Considerable insight can be gained from various limits of S,T and U. We begin by 
considering the contributions from a heavy fermion generation as defined in Eq. H(34j, |4C|, 
44|. The potentially large isospin violating contributions to ATf imply that fermions in an 
SU(2)l doublet must have nearly degenerate masses. For a fermion doublet with ml = 
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mj + 5m 2 and 8m) « mj 2 , M^, Mf , and m\ 2 » M^, M|, 



AS, 
AT* ->■ 



67r l ' V m| 

iV c {5m}) 2 
A8tts 2 w M^ m 2 2 



N c (5m 2 f ) 2 / 
AUf -> -f^, 18 

307T 

where iV c = 3(1) and Yf = |(— |) for a quark or lepton doublet. Both At// and AT/ 
are isospin violating, but AUf is suppressed by a factor of M§/m| relative to AT/ and 
is numerically small. AS, does not decouple for large fermion masses and so poses a 
potential problem for consistency with the experimental limits from precision electroweak 
measurements (l2l. [l3l|. By carefully arranging the 4 th generation quark and lepton masses, 
however, it is possible find values of the fermion masses where the contribution to ASf is 
reduced from its value for degenerate fermion partners of while still respecting the limits 
on AT/[6|. Thispossibility is due to the strong correlation between the experimental limits 
on AS and AT@, [n . 



The 4 generation squarks and sleptons are denoted by, 



t' L ) [v' L 



,t'R,b' R ,e' R ,p' R (19) 



Consider the limit of no mixing between the left- and right- handed sfermion partners, 
and also no mixing between the sfermion generations. (The mixing between left- and right- 
handed sfermions is included in the formulae in Appendix B). In this limit, the the contribu- 
tion from sfermions with small mixing between the isospin partners, m 2 —m\< << m 2 , fh 2 , , 

is 1 3a 39 , 
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(20) 



(Note that only the scalar partners of the left-handed sfermions contribute in this limit). For 
intermediate values of the sfermion masses, it is possible to arrange cancellations between 
the slepton and squark contributions. In the same limit, the contributions from squarks and 



sleptons to the AT S /|36|, l4lH43|. and A[/ s /[36| parameters are 39, 141H43 
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(21) 



The sfermion contributions decouple for heavy masses and for sfermions with TeV scale 
masses, the effects on precision electroweak constraints are small. In our numerical results, 
we use the complete amplitudes given in Appendix B. The major effect of heavy sfermions 
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in the 4GMSSM is to increase the predictions for the neutral Higgs masses, as shown in Fig. 

m 

We study the restriction on the 4GMSSM using the fits to AS, AT, and AU given by 



the GFITTER collaboration 13 



AS 


= S 


— SsM 


= 0.02 ±0.11 


AT 


= T 


— Tsm 


= 0.05 ±0.12 


AU 


= U 


— Usm 


= ±0.07 ±0.12 



(22) 

with the Standard Model values defined by M Kref = 120 GeV and M t = 173.2 GeV. The 
associated correlation matrix is, 



Pij 



( 1.0 0.879 -0.469 \ 

0.879 1.0 -0.716 
y -0.469 -0.716 1.0 j 



Ax is defined as 



A X 2 = Ey(AXi - AX l )(a^)-/(AX i - AX,) , (23) 



where AX, = AS, AT, and AU are the central values of the fit in Eq. [221 AX, = AS, AT, 
and AU include the 4 th generation fermions, sfermions, and MSSM scalars, <7j are the errors 
given in Eq. [22] and afj = aiPijUj. The 95% confidence level limit corresponds to Ax 2 = 
7.815. 

In Fig. E] we show the 95% confidence level allowed region for m t > = 400 GeV, Ma = 
300 GeV and m e > = 300 GeV and including 4 generations of sfermions with degenerate 
masses, m sq = 1 TeV. The difference between the masses of the quark and lepton isospin 
±5 and — \ doublet partners is scanned over (while imposing the requirement of perturbative 
unitarity as discussed in the previous section) to find the allowed regions. We note that the 
point with all 4 th generation masses degenerate is not allowed. As pointed out in Refs. 



|6|, [Hi, |45[ for the Standard Model case, the fermion masses must be carefully tuned to 
find agreement with precision electroweak measurements. As tan /3 is increased, the allowed 
region shrinks and for the parameters of Figs. [5] and [6] there is no allowed region with 
tan/3 > 2.5. The Higgs boson masses vary within these plots according to Eq. [281 Fig. [6] 
demonstrates the effects of increasing the charged lepton mass. The effect of increasing the 
if mass is shown in Fig. [7] and we see that the allowed parameter space is significantly shrunk 
from Figs. [5] and [61 In Fig. [HI we show the allowed range of Higgs masses corresponding to 
the scan of Fig. [5] and imposing the experimental constraints on 4 th generation masses. It 
is apparent that the 4GMSSM requires highly tuned fermion masses in order to be viable. 

The effect of increasing rriA (and hence Mh) is shown in Fig. [9] and we see only a very 
small region of allowed parameters. In Fig. [101 we show the effects of lowering the sfermion 
masses to 500 GeV and see that the allowed region shrinks considerably. This is due not to 
the effects of sfermion contributions to the electroweak limits, but rather to the change in 
Higgs mass corresponding to the heavier squark masses. 



V. CONCLUSIONS 

We have studied an extension of the MSSM with 4 generations of chiral fermions. The 
existence of a 4 th generation allows the lightest neutral Higgs boson mass to be considerably 
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FIG. 5: 95 % confidence level allowed regions from fits to S, T, and U in the 4GMSSM. The 
requirement of perturbative unitarity is also imposed. From top to bottom, the curves correspond 
to tan/3 = 2.5, 2, and 1. 



heavier than in the Standard Model. However, imposing the restrictions of perturbative 
unitarity and constraints from precision electroweak measurements requires tan /3 ~ 1 and 
extremely fine-tuned values of the fermion masses. 
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Appendix A: Neutral Higgs Mass 

The neutral Higgs masses are found from the eigenvectors of the matrix 26[ : 



M 



Mn M 2 i 
M 12 M 22 



(24) 



where M,-. 



M 



ij,tree + ^ij The tree level values are (where cp = cos(3 and sp = sin(3), 



Mn ,tree 
Metres 



M 22)tree = M 2 A cl + M 2 z s 2 



(Ml + M 2 z )s p cp 
i + M 2 z sl 



(25) 
(26) 
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FIG. 6: 95 % confidence level allowed regions from fits to S, T, and U in the 4GMSSM. The 
requirement of perturbative unitarity is also imposed. From top to bottom, the curves correspond 
to tan/3 = 2 and 1. The only difference from Fig. [5] is that m e , = 400 GeV here. 



At one-loop the effects of a heavy 4 th generation on the neutral Higgs masses, including; only 
the leading logarithms and assuming no mixing in the sfermion sector, are [21 
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where fhn and rrii2 are the physical sfermion masses associated with 
The neutral Higgs boson masses are then, 



(27) 



H,h 



~\M z A + M^ + e b + e t ± 



{M\ + Ml 



4cl p MlMl 



e b -e t )[2c 2p (M 2 z 



M\) + e 6 - e t 



1/2 



(28) 



Formulae including non-logarithmic terms and 2- loop contributions to the neutral Higgs 
boson masses can be found in Ref . [42] . However, since we assume very heavy 4 th generation 
quarks, we expect Eq. [2H1 to be a good approximation. 

The mixing angle (which we use to define the fermion and sfermion couplings) is 



sin2a 



2M\ X 



{M\ x - M| 2 ) 2 + 4Mf 2 



(29) 
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FIG. 7: 95 % confidence level allowed regions from fits to S, T, and U in the 4GMSSM. The 
requirement of perturbative unitarity is also imposed. From top to bottom, the curves correspond 
to tan/3 = 2 and 1. The only difference from Fig. [5] is that % = 500 GeV here. 



Appendix B: Summary of S,T,U formula 



From a heavy 577(2) Standard Model like doublet of fermions with masses (mi, m.2) and 
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(30) 



where 



F(x,y) 
f(p 2 ,m{,ml) 



x + y — 
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dx log 
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rrii 1^2 
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Higgs Masses Allowed by Unitarity and S,T,U 

M, = 300 GeV, M = 1 TeV, tanB = 1, m . = 200 GeV, m , = 150 GeV, m. > 300 GeV, m , > 300 GeV 
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FIG. 8: Neutral Higgs boson masses allowed by precision electroweak measurements and by uni- 
tarity in the 4GMSSM. The mass difference between b' and t' is scanned over. The experimental 
constraints on the 4 th generation masses are also imposed. 



fo(p 2 ,m 2 



f(p 2 ,m 2 ,m 2 ) 
2-24 



1 4m? 
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'iin' 2 



(31) 



N c — 3 for quarks and 1 for a lepton doublet. The hypercharge is Y q = | for a quark doublet 
and Yi = — | for a lepton doublet. 

We define m t i, m t 2, m&i, and m&i to be the physical masses of the 4 th generation squarks 



with the mixing angles, 9 t and 6 b , (s& = sin6 b , etc). From the 4 th generation squarks [361, 141 
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FIG. 9: 95 % confidence level allowed regions from fits to S, T, and U in the 4GMSSM. The 
requirement of perturbative unitarity is also imposed. From top to bottom, the curves correspond 
to tan/3 = 2 and 1. The only difference from Fig. [5] is that tua = 1 TeV here. 



where, 
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(32) 



(33) 



The contributions from the 4 th generation sleptons are found in an analogous manner. 

From Higgs scalars, (where Mh, re f is the value of the Standard Model Higgs boson mass 
for which the fits are performed.), the contribution of the MSSM scalars is 4l|, |47| . 
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FIG. 10: 95 % confidence level allowed regions from fits to S, T, and U in the 4GMSSM. The 
requirement of perturbative unitarity is also imposed. The only difference from Fig. [5] is that 
m s q = 500 GeV here. 
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where 
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